Age-related changes of wall composition and collagen cross-linking in the rat carotid artery - In relation with arterial mechanics.
In association with age-related changes in arterial wall mechanics, the composition of connective tissues, the fraction and size of vascular smooth muscle cells (SMCs), and the degree of collagen cross-linking were studied with common carotid arteries harvested from 8, 16, 32, and 64 week-old Wistar rats. For histomorphometric studies, each arterial segment was fixed under in vivo operating force condition, and then sequentially sliced into thin specimens, followed by selective staining for the observation of collagen, elastin, and SMCs. Then, the fraction of each component, and the number and size of SMCs were determined with an image analyzer. The content of collagen and elastin, their ratio, and the number and the area fraction of SMCs showed no significant correlations with age, while the density and the size of SMCs were significantly smaller and larger, respectively, in 64 week-old animals than in the others. The results of collagen and elastin cannot explain the biomechanical data obtained in our previous study using the same animal model, which showed that the elastic modulus and wall stiffness were significantly larger in 64 week-old animals compared to younger ones. To investigate the reason for the discrepancy between the histological and the biomechanical results, a hydrothermal isometric tension method was applied to the analysis of the cross-linking of collagen, and we found that the amount of cross-links was significantly greater in 64 week-old arteries than in the others. This result corresponded well with the biomechanical results, and therefore the higher wall stiffness and elastic modulus in older arteries might be ascribed to their larger amount of collagen cross-links.